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rane 
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August 18 - 30, 1939, 


By William R, Barger, associate physiologist. 


Introduction 


This test constitutes part of an investigation Oat loyoyelye WGaliayer” (Cae 
vegetables that has been conducted by the United States Department of 
Agriculture since 1925, It was requested by growers and shippers who 
cooperated with the carriers and the Department. Reports of previous 
tests are contained in Technical Bulletin No. 67 5 (ak 

Reports from eastern markets that lottuce and carrots some- 
times arrive frozen made the study of ice temperature at point of 
origin and of load temperature in transit important phases of this 
test. The present method of icing lettuce and carrot cars consists 
of blowing crushed ice over the load from the doorway. The blower or 
"slingor" discharges crushed ice through a flcxible hose and throws 
it with considerable force filling the vertical rocesses present 
between rows of crates and those between the car wall and the load with 
ice as well as producing a continuous mass over the top. This intimate 
contact of all crates (csvecially these in tho top laycr) with ice 


/l Body icing in transit refrigeration of vegetables. U.S. Dept. 
Agr, Tech, Bul. 627, Aug. 1938, is obtainable from the Superintendent 
of Documents, Washington, D. C., price 10 cents. 
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makes freezing possible whenever the ice temperature is dangerously 
low. 


In order to determine the temperature of the commodity and the 


ice, 12 electric resistance thermometers and: 2 or 3 recording thermometers 


were placed in each of 12 cars of lettucc and 3 cars of carrots, The 


resistance thermometers wore read from time to timo en route without 


a 


opening the car doors, while the recording thermometers yielded a con- 
tinuous temperature record throughout the trip. The recording ther- 
Mometers were used primarily as a check against the resistance ther-— 
mometers and since the readings of both types of instruments agree very 
closely, the temperatures obtaincd with the recording thermometers will 


not be discussed in detail, 


Purpose 


The purpose of the test was to obtain information relative to 
the rate of cooling and subsequent transit temperature of lettuce and 


carrots, in cars of three different sizes shipped with initial top 
ice (crushed), no bunker ice, and no reicing in transit, and to 
observe the effect of low temperature ice on the commodity. It was 
also possible to observe the effectiveness of handling practices such 


as the use of paper separators in crates, the papering of bulkhead 


openings, and the use of icc under the floor racks, 


Inspection at Destination 
Inspection at destination was limited to the meltage of ice 
in transit, to the degree of discoloration of the butts and midribs, 
and to the amount of bruising, freezing injury, and decay. Inspections 


were made independently by shippers! representatives who accompanied 
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the cars, by the Agricultural Marketing Service of the U. 8. Depart- 
ment of Agriculture, by the Railroad Perishable Inspection Agency, and 
by Government investigators who conducted the test. 

Tip burn and loose heads were not recorded because they were 
considered as boing primarily of ficld origin, and not attributable to 


conditions to which the lettuce was exnosed during the test. 


Cars 


Three types of cars, differing in loading space, particularly 
in length, but not in the insulation provided, were used in the test. 
They were designated as Standard, Bunkerless, and Giant. Data con- 
cerning the age, size, and weight of the cars are given in table l. 
Cars of each type were uniform except in weight. The Standard cars 
were P.¥.H, refrigerators with 8'-3" x 33!-2 3/4" available floor arca}3 
the Bunkerless cars were similar to the Standard in outside length and 
inside width but the absence of ics bunkers added about 5-3 /4 feet to 
the length of the loading space; the Giant cars were about 8" widor and 
about 11'-2" longer than the Standard cars. The ice bunkers of the 
Giants had collapsible, gatce-like bulkheads that could be swung back 
to the wall making the whole intcrior of the car available for loading, 
Grouping of cars 

The fifteen test cars were divided into five groups containing 
one car of each type. Tn table 2, the designating test letter, P.F.HE, 
number, type, shipper, and receiver are shown, Group l consisting of 
cars G, B, and C, was destined to Chicagos group 2 consisting of cars 


D, E, and F, was destined to Philadelphia and Baltimore; grouns 3, 4, 
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and 5, consisting of cars #) HH, and K\ My Nivand Po and RS, and 7) 
respectively, were unloaded at New York City. Each shipper loaded one 
or two whole groups so that the grading and handling methods used were 
comparable within each group. The lettuce in the group consisting of 
cars M, N, and P was packed under two brands but was all of the same 
grade. 
Crates 

Los Angeles type crates were used. Inside dimensions of the 
lettuce crates were 13-3/4" by 1%-1/2" by 21-5/8" and of the carrot 
crates 13" by 18" by 21-5/8", Both kinds of crates were 24-1 /2" long 
outside, The methods of packing used resulted ina 2-1/2" to 3" bulge 
of the top after lidding. 
Packing 

All crates were lined with either waxed or parchment paper and 
contained three layers of heads of lettuce (butts up) or of bunches of 
carrots with a few pounds of crushed ice between each layer. Fifteen 
to twenty pounds of crushed ice (bulge ice) were used under the lid. 
No ice was used under the bottom layer in the cratc., Lettuce in cars 
M, N, and P was packed with a shcet of waxed paper between the butts 
and the ice of éach layer; in cars D, E, and F no paper was used. In 
the other six cars of lettuce, paper was used between the top layer and 
the bulge ice only. No paper separators were used in the carrot crates. 
Loading 

Lettuce: The crates in the lettuce cars were loaded four layers 
high with those in the three lower layers lying on their sides. Crates 
along the side walls of the car had their bottoms facing tho wall. 


Crates of the top layer were loaded wpright in cars M, N, and P, and 
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were turned on their sides (bottoms wallward) in all other cars, The 
loads were five rows wide and spaced to admit ice in the recesses be- 
tween the rows and between the outer row and the wall. Considerably 
wider spaces for recess ice occurred in the Giant cars because of the 
extra width of these cars, 

Carrots: The carrot loads were also four crates high on their 
sides with the bottoms of the outcr crates turned to the wall, The 
two lowsr layers of crates and part of the third were six rows wide. 
Layers six crates in width formed a solid load in the Standard and 
Bunkerless cars, leaving no space for recess ice along the wall or 
between the rows except the small vertical channels formed by the low 
ends of the crates, The Giant car, being wider, had more space for 
recess ice. The top layer and part of the third layer of all cars 
were five rows wide and here there was room for recess ice, 

Throuzh loads (solid across the doorway) were vsed for both 
lettuce and carrots although wooden strips were needed in some cars 
to take up the slack between stacks. The Standard cars contained 16 
stacks from end to end (312 crates of lettuce or 346 crates of carrots), 
the Bunkerless cars 19 stacks (372 crates of lettuce or 412 crates of 
carrots), and the Giant cars 21 stacks (406 to 428 crates of lettuce 
or 453 crates of carrots). 

Preparation of cars 

In cars of group 3 (lettuce to New York) and cars of group 5 
(carrots to New York) 1800 to 2700 pounds of crushed ice wags placed 
under the floor racks, This was not done in the other cars. 

The bunker openings in the bulkheads of car R (Standard) were 
covered with heavy paper whereas those of tne other Standard cars 


were not, 


eas 


In all cars, both doorways were covered over with heavy paper 
on the inside, 
Icing of cars 

No bunker ice was used, all ice being confined to the body of 
the cars, The test cars were purposely filled with top ice to practically 
full capacity in order to furnish all the refrigeration possible and to 
enable a comparison to be made of tne performance of the three types of 
cars under these conditions. Sixty to 108 blocks of ice (18,000 to 
32,400 pounds) were needed to fill the lettuce cars, but the carrot loads, 
having practically no space between the rows for recess ice, took 51 
blocks to fill the Standard car and 81 blocks to fill the Giant car. 

Three or 4 solid blocks of ice were used in each doorway to make a re- 
taining wall for the crushed ice, . 

The icing of the cars in this test was intended to set up special 
experimental conditions and not necessarily to represent commercial 
practice, The quantity of ice furnished per car, not being considered 
an essential part of the test, was not accurately determined and for 
that reason no detailed icing records are given, 

» the ice in 300-pound blocks comes directly from g=i12° 
freezing tanks or from 25-28° storage rooms and has little chance under 
normal handling to warm up to 32° before it is used. The rate of 
warming is probably not much faster than the rate of cooling after 
freezing, The ice is run through mechanical crushers at the rate of 
about 5 blocks per minute and conveyed to the packers and to the car 
blower through a screw-type conveyor. Although it may travel more 

than 300 feet before it is used it warms up only one or two degrees in 


the conveyor, As a ruie, the crushed ice stands in a bin and warms 


ON 


somewhat before the packers use it in the crates but when cars are to 
be top-iced the ice goes directly from the crusher to the car, Recent 
tests have indicated that the blowing operation warms the ice very 
little after it is crushed and conveyed to the blower, 

In some packinghouses a secondary ice crusher is uscd to 
pulverize the crushed ice for use in crates. Theso machines have an 
additional heating effect on the ice and also by reducing the ice to 
finc particles, promote rapid warming after the ice leaves the machinc, 
However, in this test none of these pulverizers was used for top 
icing. 

The temperature of the ice before and efter crushing as used 
in the crates and over the load is given in table 3. The temperature 
of several blocks of ice for each car was obtained by placing a mercury 
thermometer in a small hole drilled in the ice. The temperature of the 
crushed icc is that obtained by catching ice at the bins or at the 
blower in wooden pails and inserting a thermometcr into the center of 
the mass, Under the conditions that prevailed it was impossible to 
determine the rise in temperature of any particular block during the 
erushing operation. Therefore, the ice in pail No. 1 did not neces-— 
sarily come from block No. 1. 

The group consisting of cars M, N, and P was intended to 
detsrmine the effect of low temoerature ice on lettuce. Arrangements 
were tiade for the delivery of low temperature ice a part of which was 
used immediately to supply package ice and top ice for car M; the rest, 
after standing about 1-1/2 hours, was used for car N. Ice for car P 


was taken from the regular sumply used at this packinghouse. It was 
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slightly different from the ice used in cars M and N and also froin that 
used in the houses in that it was "pulled" from the freezing tanks while 
there still remained a largs unfrozen core in the block. This indicates 
that the blocks were produced in a minimum of time in tho freezing tanks, 
A short freezing time shovld result in a high average temperature and 
and added exposed surface made by the large core should cause the block 


to warm up faster than others that are more solidly frozon. 


Placoment of Thermometcrs 


Resistance thermometers were uscd to take tomperaturesof tho 
Commodity and ice in transit witsout opening the car doors: In most 
cars temperatures were taken of the top and bottom of the load near 
the centerline in stack 1 at the unicorn mee aval Ghnaele 2 lone &) fal. alate) 
quartcrlength, and in stack 8 or 9 at the doorway. In cars M, N, and 
P used for special freezing studies, temperatures of the top of the 
load only were taken. In carrot cars temperatures of the top, middle 
and bottom of the load were taken along the wall together with those 
of the top and bottom along the centerline. All thermometcrs were in 
the forward end of the cars en route, Commodity temperatures wore 
obtained by inserting the thermometers in heads of lettuce or botwoen 
the roots of a bunch of carrots, Top ice temperatures wore taken in 
the ico mass at points about 2! above top crates. The thernomoters 
used in the top ice were held in place by thrusting them upward through 


an upper slat of a crate, 


fe in this report the first stack of crates at the end of a car is 
designated as the bunker stack regardless of the type of car. 
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The position of thermometers for taking commodity temmneratures 
in the stacks along the centerline of all cars except M, N, and P is 
shown in figure 1-A, Thermometers were placed in the center head or 
bunch in the bottom layer of both the too and bottom crates and along 
the edge of the top layer of the top crate. This means that bocause of 
the sidc-wise loading of these crates, one of the thermometers in cach 
stacl: was near the top and one was near the bottom of a recess channel 
and another was adjacent to the top ice (fig. 1A). The carrot tempera- 
tures taken along the centerline of the cars were also at the points 
shown in figure 1A, 

The position of thermometers for taking commodity temperatures 
along the side wall of carrot cars is shown in figure 1-B. Tempera- 
tures were taken of the center of the bottom layer of the top ana 
bottom crates, the same as was done along the centerline, The 
temperature of the middle layer of the load was taken at the lower 
bottom edge of the third layer crate. 

In cars M, N, and P used for special freezing studies, the 
top cratcs were loaded upright and the thermometers were placed at 
the top bunker and top quarterlength positions as follows: in the 
center head of the top layor in the crate (similar to point #1, fig. 1-C), 
in the bulge ice next to this head (similar to point #2, fig. 1-C), in 
the top ice 2" above the crate; and at the top doorway position as 
follows: in the above three places and in addition in the center heads 
of the second (middle) and third (bottom) layers in the crate and in 
the package ice between the top and middle laycrs of heads. The posi-~ 


tion of the thermometers in the top doorway crate in these three cars 


is shown in figure 1-C, 
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Location of test crates 


For convenience of reference, certain crates in the bunker, 
quarteriength, and doorway stacks were marked in order to make the re- 
sults of inspection of all cars as comparable as possible. The desig- 
nation and location of the various test crates are shown in table 4. 

In many instances these crates contained resistance thermometers and 
recording thormometors. Whenever recording thermometers were used tney 


were placed in the end of the crate nearest to the forward end of the 


Car. 


Schedule of Trip and Outside Temperature 
The running time of the train from Salinas, California, to 
Harismus Cove, New Jersoy, transfer yards for New York City, is shown 
in table 5, The route followed was over the S. P., Salinas to Ogden; 
U. P., Ogden to Omana—Council Bluffs; ©. and !. W., Council Bluffs to 


ELOvaso; 2. He By) Proviso to Wolcon. enna Dol von tomm al ladielsoiaitay 
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and. New York City. Following arrival at Proviso, Illinois 


vg 


Baltimorc, 


at 6:45 P.M., Thursday, August 24, the Chicago cars were unloaded at 
the C, and N. W. team track, 15th and Morgan Streets at 4:30 A.M., 
August 25, The Philadelphia and Baltimore cars were transferred at 
Enola, Pennsylvania at about 6:00 P.M., Saturday, August 26, arriving at 
Philadelphia early Sunday morning, Arrival at Harisms Cove, New Jersey 
(New York transfer) was at 1:00 A.M., Sunday, August 27, and the cars 
were on the Pennsylvania railroad team track at $7th Street and 12th 
Avenue, New York City ready for unloading at 7:00 P.M., August 27. 

The outside temperatures encountered are shown in table 6, 


Maximum temperatures between 96° F, and 101° F. occurred during the 


first three days en route, Watsonville to Ogden, followed by 84° at 
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Table 5 


SCHEDULE OF TEST TRAIN 


Origin Salinas, California. 
Destination New York, N.Y. 
Routing S.P., U.P,, 6 & NW, 1.H.B., Penn, 


Commodity Lettuce 


Test No, Calif, 1939-3, --P.F.B, 197 


Sat ICL A ees ee Date ame) saa 
8/12/39 Salinas, California 8/19/39 | 12:45am PT 
8/19/39 | 1:30AMPT | Watsonville Jct., California 8/19 /39 3: LOAM 
8/19/39! 5:30AM | San Jose, California 8/19/29! 6:40AM 
8/19/39 | 3:30PM Roseville, California | 8/19/39 | 5:45PM 
8/20/39 | 3:15AM | Soe, Nevada | 8/20/29 | 5:00AM 
8/20/39 | 10:20AM Imlay, Nevada | 8/20/39 | 11.454M | 
8/20/39} 2:15PM |Red House, Nevada 8/20/39 | 2:41PM 
8/20/39 | 7:00PM Carlin, Nevada | 8/20/29 | 9:00PM 
8/21/39| 5:00AM | Montello, Wevada | @/21/39 | 5:35AM 
8/21/39 | 12:00N PT | Ogden, Utah g/21/39 | 3:40PM MT 
8/21/39; 7:00PMMT | ivanston, Wyoming 8 /21 /39 73 2oPM 
8/21/39 | 10: 45PH Green River, Wyoming 8/22/39 | 12:15AM 
8/22/39 | 10:15AM Laramie, Wyoming 8/22/39 | 12:25PM 
8/22/39| 4.00PM |Cheyenne, Wyoming | 3/22/39 | 5:15PM 
8/23/39 | 12:30AMMT | North Platte, Nebraska 8/23/39 | 4:15AM CT 
g /23/39| 8:30AMCT | Grand Island, Nebraska 8/23/39 | 10:30AM 
g /23 /39 | 3:40PM Council Bluffs, Iowa 8/23/39 | 10:40PM 
8/24/39| 3:15AM | Boone, Iowa 1g /24/39| 4:20AM 
8/24/39 | 10:30AM Clinton, Iowa | 8/24/39 | 12:30PM 
8/24/39| 6:45PM  |Proviso, Ill, (Chicago transfer) 3/24/39! 10:40PM | 
8/25/39\ 2:15AM Blue Island, Illinois 8/25/39 | 6:55AM 
8/25/39 | 7:154M |Dolton, Illinois 8/25/39 | 9:28AM 
8/25/39 | 11:45AM Logansport, Indiana 8/25/39 | 12:15PM 
8/25/39) 6:45Pi4 Columbus, Ohio 8/25/39 | 8:45PM 2 
3/26/39 | S:LOAMET | Pitcairn, Pennsylvania (Pittsburgh) | 8/26/29] 5:00AM | 
8/26/39} 9:00AM Altoona, Pennsylvania 8/26/39 | 10:00AM 
2/26/39 | 11:00AM Huntington, Pennsylvania 8/26/39 | 11:40AM 
8/26/29 | 13 25PM Enola, Pennsylvania (Harrisburg) 6:40PM 
8/27/39} 1:00AM | Harismus Cove, N.J. (N.Y. transfer) 
8/27/33 | 7:00PM Penn, R, R. Team Track 

| 


7th St. & lath Ave., New York 


-l7e 


Table 6. Record of Outside Temperatures 
Salinas, Calif., to New York City 


Test No. Calif. 1939-3. PFE 197 Route SP, UP, C&NW, IHB, Penn. 
August 1939. 


| Day | Date | Time Temperature || Day | Date Time Temperatur 
"He 19 


1939 39 j 5 
Friday |8/18 8:00AM 60 Tuesday | 8/22 | 2:30PM 75 
9;00AM 63 " 3:15PM 84 

u 10:00AM 62 " 4:00PM 82 
" | 11:30AM 73 E 5:15PM 82 
: : 7:50PM 68 
e eee a # 9 SOOM 68 
" 5:00PM 60 |. "  |10;00PM | 58 
an 9:00PM 58 Wednesday| 8/23 |12:30AM 52 
Saturday |8/19 2:00AM 55 H 3:00AM 50 
" 3:00AM 55 a 7:00AM 54 
Wu 6:00AM 58 " 9:15AM {at 
ui 8:00AM 66 { i 10:30AM 81 
Ml 9:30AM 75 Ld 12:30PM 91 
" 10:30AM 82 2 2:20PM 91 
c 1:30PM 92 “i 3:00PM 92 
u 3: 00P¥ 98 { Le 4:00PM 98 
a 3:30PM 101 z 5:00PM 89 
Ls 5:30PM 90 t : : : as = 
" a : 
" ponse a0 | "  |10;00PpM | 78 
ee [iaat 9:15PM 72 n 10:40PM 78 
Sunday (8/20 3:00AM 64 * {12:00PM 54 
. m 5:00AM 63 || Thursday |8/24 | 3:15AM 52 
oueo 9:30AM 87 " | 8:00am 64 
‘ 10:00AM 89 | a 10:00AM ie 
i) 11:45AM 90 12:00M 
. 12:30PM 97 if : 1:45PM 86 
" fi 3:00PM 
s Bene 96 g a i oe 
:00PM 101 :00PM 
3:15PM 89 é : : ofa is 
" P 
uy pee a ‘ 10:30PM 72 
" 6:00PM 67 ! " 112 ;00PM 72 
" 7:00PM 72 | Friday | 8/25 | 2:15am 64 
J 9:00PM 70 f cciceu gs 
a 9:40PM 62 | :00AM 
Monday [8/21 5:00AM 54 " 411245aM 82 
us 8:00AM 77 i y 2:00PM 84 
x 9:00AM 84 " 5:00PM 78 
o 10:00AM 83 | a 7:00PM 75 
" 12:00M 97 i "  10;00PM 66 
: 3:00PM 94 \; " 11:00PM 60 
‘ 3:30PM 98 i : 2:00AM 52 
iY 5:00PM 94 ‘'lSaturday {8/26 4:00AM 52 
: 7:00PM 17 ! " | 7:00AM 60 
. 7:30PM 63 f : 9:00AM 68 
s 10:30PM | 64 i : 10:00AM 79 
n 3:00AM 42 iF x 1:20PM 81 
Tuesday |8/22 5:00AM 66 ' iy 4:00PM 94 
i 8:30AM 67 ( . 6 ;00PM 82 
- 10:00AM 64 : 3 6:30PM 79 
Ls 12;:00M 74 ii < 9:00PM pe 
ir 10:30PM 
) | | | Sunday [8/27 | 1:00AM 68 
a r | 2:30AM 68 | 
| Hi " | 73:20PM 76 


Cheyenne on the 4th day, and 98° at Council Bluffs on the 5th day. 
Maxima of 84° to 94° occurred during the remainder of. the trip. Minimum 
temperatures were generally between 50° and 60° with the exception that 
on the 4th morning, west of Laramie, the temperature dropped close to 
40° and on the night of the transfer at Chicago the temoerature was be- 


tween 65° and 70°, 


Results and Discussion 

Load Temperatures in Transit 

In the group of tables of appendix 1 are recorded in detail all 
the temperatures obtained en route with the resistance thermometers and 
also the position in the car of each thermometer. The average tempera- 
tures of the top and bottom of the load along the centerline as compared 
h the top-ice temperature at the bunker and quarterlength positions 
and the temperature of the commodity adjacent to the top ice at these 
positions are shown in figures 2 to 13. The average temperature of the 
top and bottom of the load is the average of the three bottom heads of 
lettuce, or bunches of carrots, in the bottom and top layers of crates. 
The temperature of the commodity adjacent to the top ice is that of the 
top layer next to the top ice at the bunker and at the quarterlength. 

Figures 14 to 16 contain graphs of the temperature of lettuce 


a. 


adjacent to the bulge ice in upright crates, and of bulge ice and top 

ice at the bunker and quarterlength positions in cars M, N, and P. 
Temperatures obtained with thermometers placed in the top ice 

are undoubtedly air temperatures when the readings are above 32°. When 


such temperatures were obtained carly in the transit period it probadly 


was because the thermometer had come out of contact with the top ice but 
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toward the end of the trip it may have been due, at the en positions, 
to the ton ice having melted. This can be noted in the data for nearly 
AWWIL Canes 

Unless otherwise stated in the figures, all cars except R, §, and 
T (carrots) had no ice under the floor racks and no paper over the bulk- 
head oponings. 

Minimum Temperatures 

In most cars, the lowest ice temperatures were found before ar- 
rival at Jatsonville at 2:00 Aci. on the day following loading. Minimum 
commodity temoeratures as low as 30° and 31° F. occurred before arrival 
at Sparks, Nevada, at 3:00 A.M. on the second day. (The freezing point 
of lettuce is about 319 F.) Cooling of the commodity along the centerline 
of the car to 35° or 36° (figures 2 to 13) was rapid and had occurred by 
the time the train arrived at Watsonville. The loads continued to cool 
gradually between Wlatsonville anéd Sparks. There was practically no 
change in lettuce temperature from Sparks to destination. 

The minimum temperatures recorded probably do not represent the 
actual minimum temperatures of the lettuce, because the thermometors 
were pushed into the center of the heads, whereas whe lowest temoerature 
must have existed in tne outer leaves which were nearest to the ice. 


Influcnce of top ice on temperature of bulge ice 


oe eee 


In group 4 (lettuce cars H, N, and P) where the top layer of crates 
was loaded in an upright position, cooling of bulge ice occurred follow- 
ing the use of low temperature top ice. The temperature of the bulge 

ice in the crates shown in figures 14 to 16 was about 32° before the cars 


were top iced. In car M (figure 14 E and F) the top ice over the top 


quarterlength crate was 28-1 /2° for a short time and it cooled the bulge 


Be eB 


ice in the crate 1° to a temperature of 319. In car N (figure 15 BE and PF) 
where the minimun top ice temmerature was about 31° the bulge ice cooled 
to a point 1/4° to 1/2° below 32° whereas in car P (figure 16) 31-1/2 to 32° 
top ice kept the bulge ice at 329. The temperature of the top layor of 
heads in these crates was above 32° during the time the ice was the cold- 
est but undoubtedly the temperature of the outer leaves was very nearly 
the same as that of the bulge ice because slight freezing occurred in 
the top layers of heads in cars M and N, 
Temperatures throughout the loads 

Lettuce temperatures in the crates along the centerline were 
between 30° and 36° F. throughout the trip and usually there was not 
more than a 3° range within a single car. Carrot temperatures near the 
centerline of the car ranzed from 31.7° to 33.3° throughout most of the 
trip in all except car T (Giant). In this car the top bunker crate was 
41.3° at Harismus Cove, N. J., and 42.3° at New York City, but it was 
cold at Enola, Pa., at 1:45 P.M. the previous day, having a temperature 
of 33.19. With carrots loaded 6 rows wide many crates along the side 
walls of both the Standard and Bunkerless cars were 6° to 10° warier 
than those in the center rows. A more uniform temperature was found 
in the Giant car, Its cxtra width resulting in recesses for ice between 
the rows and along the wall undoubtedly promoted better cooling than 
was possible in the narrower cars as is shown in figure 17 where the 
average temperature of the top, middle, and bottom layers of car 5, 
(Bunkerless 8!-3" wide) is compared with that of car T (Giant 8!-11" 
wide), Two thermometers were placed in crates along the north wall 


of car R (Standaré 8'-3" wide) and the temperatures in transit indicate 
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that the bottom crates along tHe north wall when the load is 6 crates wide 
are likely to cool as slowly as tho#é along the south wall (seo figure 18), 
During August tho sun frequently strikes tho north sido of cars along this 
route, 

Relatively high temperatures along the wall may be guarded against 
by placing the crates with the bulge toward the wall. Bulge ice and more 
space for recess ice is then available for protection against heat con- 
ducted through the car walls. This was proved in comparison of these two 
methods of loading made with lettuce during the summor of 1936, tho ro- 
sults of which showed that crates with the bulge toward the wall cooled 
somewhat faster and carried at a lower temperature than crates with the 


bottoms toward the wall, 


Temperature of top ice and of lettuce in different layers of a crate 


Table 7 includes the temperature of the center head of lettuce 
in the top, middle, and bottom layers of crate M-6 (top doorway crate 
of car M) together with the ice tomperatures taken 2" above the ilalil - 
in the bulge, and between the top and middle layers of hcads, In 
table 8 the temperature at similar points is shown for crate P-6 
(top doorway crate of car P), Both crates were loaded in an upright 
position, The temperatures arc taken from appendix 1. 

Blocks of ice (300-pound size), some having a temperature as 
low as 20° F. were crushed for car M. The temperature of the ice over 
crate M-6 was 29° (table 7) soon after the doors were closed and ro- 
mained unchanged for two hours, rising to 30.4° about 6-1 2 hours after 
loading and to 31.4° at Sparks, Nevada, carly the second morning, The 
bottom layer of the crate did not cool quite as rapidly as the top, and 


the middle layer was intermediate in this respect. At Roseville the 
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Fige 18 - Temperature of Carrots in Transit from Salinas, Calif., to New York City, Aug. 18 to 27, 1939 


Table 7. Temperature of Lettuce (center head) and Ice in Different 


Layers of Top Crate Loaded Upright. 


Crate M6 (top crate, doorway stack, car M, standard) 


3 2" lice 
above lin 

bulge 

| 

1) 
Salinas, Calif.la/is 91168 | 55.0 | 32.5 
" UMer ai atl 9s504 | 29.0 | 32.0 
T Ti peo elo | ks 
T ah a:c08 ZOl4 | Use 
I" M" Np) Or ZOPNNsO,5) | aalae 
Watsonville " |g /.9 21008 | S040 | ale8 
San Jose " TN iSe onal) iqiene 
Roseville " We SSOP sled eat 8 
Sparks, Nev. j8/20| 3:154| 31.4 | 31.9 
Red)Houss | | 2.20P | 31.7 ; 31.9 
Carlin " Wy | 7SOOP7SL.9 | Sieg 
Montello ™ e/a 5:00A | 31.8 j 31.9 
Ogden, Utah =, " {12:00N | 31.7 | 32.0 
Evanston, Wy. | Le OOP A so.@ | 32,4 
New York — ig /27| 7s00P | 32.7 : 32.5 
New York He Tee s=== | 32.6 
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Table 8, Temperature of Lettuce (center head) and Ice in Different 
Layers of Ton Crate Loaded Upright. 


Crate P6 (top crate, doorway stack, car P, giant) 
Top iced at 1:20 PM 


\ | | 


|Ice aMlIce Lettuce !Ice between |Lettuce | Lettuce 
| above jin top | topémiddle middle bottom 
layer jlayers layer layer 


Place Date | Tie lid ulge 


Salinas, Calif., 8/18 | 2:00P 21.3 
| 
| 
| 


New York 


} 
! | | 
i DOGO? | Ble | 
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if The tip of the thermometer probably penetrated into a head of lettuce. 
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bottom layer ase degrees waruer than the top and at New York it was only 
1 degree warmer. Ice over crate P-6 was about 32° (table 8) soon after 
loading, At Riosensailhe the bottom and middle layers of cratc P-6 wero 

Bee niCATty as cold as the same layers in crate M-6, showing thot the 
Colmer ice on year M affected Hate), OIG) ILaforg Mowe ALoaminbKeliely (ojallaicc 


Comparison of temperatures in different cars 


A comparison of commodity teuperatures at comparable positions 
shows that all cars were practically the same from Roseville, Calif., to 
destination, and maintained good carrying temperatures for lettuce and 
carrots. Load temperatures prior to the arrival at Roseville were in- 
fluenced by the temperature of the ice used in cach car, low-temperature 
ice producing for a short time faster cooling and lower lettuce tempera- 
tures than warmer ice. The temperatures en route were similar to those 
in ae Standard type car, PFS 17947, that was included in the test from 
Salinas to Chicago during August 1936, and was loaded similarly to the 
Standard cars used in the 1939 test, viz, 3i2icrates, S55 bs. to 39 Lbs. 
package ice per crate, 16,200 lbs. crushed top ice, 5 500-1b. blocks of 
HES au uhe doors; eno bunker) ice, and eno roleine an transit.) lhas car 
was built in 1920 and had not been reconditioned prior to the tcst. 
The load temperature in this car ranged from 31.8° to 33.4° at Watson- 
ville and with slight fluctuations was maintained thus throughout the 
Gasp 
Transit temperature as affected by "papered" bulkheads 

The bulkhead openings of Standard car R were covered with heavy 
paper. The purpose was to prevent drafts of outside air that might 
Isak in around the hatch plugs from penetrating the load, Standard 


car A destined to the same market as car R was not so papered. Top 


as AUS ee 


layer temperatures along the centerline were practically the samo for 
beth cars for the entire trip (figures 8, 11). 
Transit temperature as affected by ice under floor racks 


In group 3 (cars A H, K), 1800 to 2100 pounds of crushed ice 


d 
were placed under the floor racks prior to loading, for comparison witn 
group 1 (cars (Cor) deh Ce in which no floor ice was used. Both grouns 
were loaded at the same packing house. The bottom layer crates of 

car A (Standard, with icc under the floor rack) had an average tompera- 
ture of about 32.4° WH. at Watsonville (figure ©), whereas the average 
temperature of the bottom layer of car G (standard, without floor ice) 
did not reach 33° until several hours later and ranged between 33° 


and 35.5° 


during the remainder of the trip (figure 2). Similar slightly 
faster cooling of the bottom layers in cars H and K (Bunkerless and 
Giant and floor ice, figures 9 and 10) was observed than in cars B and 
C (similar types without floor ISO), akahethcl)is G) varel A), 
Influence of outside tomperatures 

The natural fluctuation in outside temperature (15 to 56° F.) 
between day and night (table 6) was reflected in a rise and fall of 1° 
HO) 22 Shiny thlbvs temperature above the load which probably influcneed tho 
rate at which the top ice melted but apparently had little or no in- 
fluence on the temperature of the lettuce or carrots. 
Temperature of "hold over" loads at destination 

Several cars were not unloaded until a day or more after arrival. 
Load tomperatures of car M were taken ono day after arrival at New York 
(figure 14) or 10 days after loading; temperatures of car D were taken 
at Baltimore on the 10th and llth days after loading (figure 5); 


temperatures of car H# were taken at Philadelphia on the 9th and l2th 


days after loading (figure 6). In all these cars the load did not warm 
up more than 2° or 3° during the holdover neriod, 
Meltage of top ice 

Table 9 shows the meltaze of top ice noted after arrival at 
destination, Meltage in all cars was slightly more at the side walls 
than along the centor of the car. Most meltage occurred at the ends 
of the car, thore being little difference between the two ends, Rela- 
tively less ice was found near the doors than elsewhere in the middle of 
the car, This condition was much more pronounced at the loading door- 


way through which the ice was blown than at the opposite doorway. 


Meltage excluding that over the two end stacks 


At destination the ton ice was found to slope gently toward tho 
end stacks and then abruptly downward. iWeltage over all but the two 
end stacks amounted to 2 to 4 inches in both the Standard and the Giant 
cars at Chicago and 3 to 5 inches in the Bunkerless car at this market, 
At the more distant markets meltage in Standard cars amounted to 3 to 7 
inches along the centerline and 3 to 8 inches along the wall; in Bunker- 
less cars 5 to 9 inches along the centerline and also & to 9 inches along 
the wall and in Giant cars 3 to 7 inches along the centerline and 3 to 6 
inches along the wall. The Bunkerless car (S) containing carrots had 
only 4 to 5 inches meltags over the main portion of the load. 
Meltage of ice over tho two end stacks 

At Chicago, the ice over the two end stacks of the Standard and 
Bunkerless cars was nearly as deep as that over the rest of the load, 
averaging about 10 inches in thickness. In the Giant car, ice haa 
melted away for short distances at the ends of the car and along one 


side wall, exposing the upper edges of the top cratos of one stack 
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at each end of the car and likewise the top edge of one outside row. 

Meltage at the ends of the cars was slightly greater at New York 
than at ohe other markets, In the Standard and Bunkerless cars notice- 
able meltage occurred for a short distance in from the onds of the car 
Or over the corners of the load but did not totally uncover the first 
Stack otveraves, Im the Giant cans the top acco was cither thin or 
melted away over tho first and portions of the second stack at each 
end of the car, 

Whenever ice meltage was great enough to partly expose top 
crates it must have occurred very late in the trip because the tempera- 
ture of most of the top bunker crates did not risc materially prior to 
unloading, Although no difference in the condition of the commodity 
was found in exposed and in’well-covered crates, the presence at 
destination of a large amount of top ice in the ends of cars may be 
commercially desirable, To accomplish this, the use of block ice 
fittcd compactly over the two end stacks may be feasible. Block 
ice would give a maximum quantity at this point to offset the extra 
inward heat leakage that is apparently normal for all cars. 2/ 
Condition of lettuce at destination 

The average condition of the lettuce at destination as ob- 

erved by various inspection agencics and the results of inspection 
of individual crates by the Govornment investigators are shown in 
Gables 10a, by, ©, and id. 
2/ Since this work was done the National Porishable Froight Committco 


has recommended approval of a rule "that picces of ice not to exceed 
100 pounds be used in top icing at the bunker ends of the car." 
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Bruising 

Severely bruised lettuce was found only in the cars of group 2 
(cars D, EB, and F, Philadelphia and Baltimore), in which it amounted 
to between 15% and 45%, Generally, the bruised areas occurred near the 
base of the leaves and were red in color, Paper separators were not 
usod botwoon tho lettuce and the package ice in this group and many 
leaves were injured, apparently by contact with sharp particles of ice. 
In groups 1 and 3 (cars G, 3B, C, A, 4, and K) paper was used to keep 


the bulge ice from coming in contact with the top layer of lettuce and 


no bruising occurred. Group 4 (cars M, N, and P) in which paper was 
used over all layers also arrived sound, Paper separators materially 
reduced the amount of bruising but the position in the crate of injured 
s when separators were not used indicatcs that if the amount of 
bulge ice and the pressure exerted by the lidding machine on the top 
heads are excessive, injury may occur despite the use of 
separators. 

No decay was reported at either Chicago or Baltimore, At New 
York and Philadelphia all of the cars except car H (Bunkerless type, 
in which the lettuce was sound) were found to have 1 to 3 percent decay 
(early stages of bacterial soft rot or slime following tip burn). Decay 
was not confined to any particular location in the car, Temperatures 
below 35° F, which generally prevailed en route were sufficiently low to 
prevent the development of serious decay. 
Discoloration 

Discoloration of the midribs was of no consequence except in the 


severely bruised heads in cars of the Philadelphia-Baltimore group. 


Bs Sa 


Discoloration of the butts was of little consequence in this 
test. It was reported to be very slight on the 7th morning at Chicago, 
and slight at the castern destinations on tho 9th, 10th, llth, and l2th 
days after loading. No savere discoloration wns found and the few 
instances of tioderate discoloration were not confined to any particular 
location in the car. It is possible that besides timo in transit and 
temperature there may be other factors tending to cause Icttuce to 
discolor. 

Freezing 

Freezing occurred in all lettuce cars excent car P. Under the 
active market that prevailed at the time the degree of freezing was not 
considered serious by the trade at Chicago and New York, probably be- 
cause freezing was gonorally confined to the heads directly bencath the 
top ice and because the area of frozen (transparent) tissue per leaf was 
small. reezing occurred throughout the loads of the Philadelphia-— 


a | = q 
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Baltimore cars D penetrating the heads to a depth of 8 
leaves in instances where the head was close to top and recess ice and 
to a lesser depth in other heads. Some lettuce in the interior .of tnese 
crates was apparently frozen by contact with low temperature package ice. 
Whenever the top crates were loaded upright thereby placing the 
butts of the entire top layer of heads close to low temperature top 
ice the bases of all leaves in several whorls were usually frozen 
whereas in top crates loaded on their sides freezing was confined to 
the side of the head closest to the top icc. 
The effect of ico temperature on the amount and degree of freezing 


is not clearly shown in this test but there is no doubt that the ice 


used in all lettuce cars except car P caused freezing damage. The ice 


- 52 - 


supplied to car P was warmer than that supplied to companion cars M and 
N and came from an ice plant which was freezing ice quickly, leaving 
large hollow spaces at the center of the cakes. 
Condition of carrots at destination 

All three cars of carrots (cars ite S)5, hall T) arrived in the same 
condition; viz., tops green and fresh, roots firm and crisp, no decay, 
no freezing, Carrots apparently withstood, without injury, temperatures 
that froze lettuce. 

Although there was practically no package ice remaining at 
destination in many crates loaded next to the walls, the condition of 
the carrots in these crates was the same as of those in inner row 


crates that showed less meltaze of package ico, Carrots that had 


a 


transit temperatures of 40° to 45° arrived in New York in good con- 


dition. 
Sclling prices 

The prices obtained for the lettuce and carrots in the test 
cars appear in table 11, All the carrots sold at the same price 
($3.50 per crate). Prices of $3.35 0 $3 5 per crate were realized 
on 4-dozen size lettuce at Chicago and d $3.85 to $3.94 on tho 5-dozen 
size, At New York 4-dozcens brought $3.65 to $4.25 and 5-dozens brought 
$4.10 to $4.75. The differences in price were not traceable to any 


type of car used although the amount of freezing injury probably affected 


the selling price to some extent. 


Summary 
The tost cars originated at Salinas, California, and wore routed 


via S.P., U.Po, CO. & NW, Boe. and Penn.) 9 of thems coun slomNen 


York, 3 to Chicago, 2 to Philadelphia, and 1 to Baltimore, All 15 left 


re eee 


Table 11. Selling Price of Lettuce and Carrots in Test Cars. 


De 


Crates of Crates of 
| A doz. 5 doz. 
Shipper | Receiver heads 


Standard Wishnatzki & Nathel, New York 4.75 


Bunkerless Wm, Shapiro, New York 


Giant Carbone Bros. & Co., New York 


| 
| 
Church | Yeckes-Eichenbaum, New York 
| 
| 
| 
| 
| 
| 


Standard 4,25 
Bunkerless " " " Wyrgegatt 4,00 4,48 
Giant " " " n " 3.65 4,10 
Standard Church M, Lapidus, Chicago 3.35-3.40 |35.85-3.90 
Bunkerless| " it " 3,353.40 13.85 
Giant i Lafantia Bros., Chicago 3.75 Sie o 

| 

| 


Carrots in all three cars, R, S, and T, sold at New York 
for $3.50 per crate. | 
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Salinas about midnight August 18, and the New York cars arrived August 27. 

Load temperatures were taken en route in nine cars of body~icéd 
lettuce and three cars of body-iced carrots containing electric resistance 
thermometers and recording thermometors, 

Observations were made or the melting down of the blanket of 
top ice and temperature and condition of the commodity as affected by 
low-temperature bocy ice and by different packing and loading practices 
such as the use of paver between layers in crates, the papering of bulk- 
heads, and the usc of ice under the floor racks of the cars in three 
types Of Teprreerator cars. 

By using long cars to provide space for extra crates without in- 
creasing the height of the load, heavy loads which in some instances 
consisted of 100 crates more than a standard load were delivered at New 
York in the same condition as standard loads. 

All cars maintained the load at temperatures that have been 
found desirable for these commodities in transit, and carried them to 
market in a commercinlly sound condition with respect to decay. 

In this test no substantial boneficial effect on the commodity 
was found which covld be traced to the use of paper over the bulkheads 
or to ice under the floor racks, although ice under the floor racks 
hastened the cooling of the bottom crates, 

Ice bruising of lettuce was greatly reduced by using sheets of 


paper between the layers of lettuce and the layers of package icc. 


¢v 
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enofit was obtained by using paner between the top layer of 
lettuce in the crate and the bulge ice. 


The degree of discoloration of butts increased somewhat with 


increased time in transit, a slight change occurring between the 7th 


and the 9th days following loading but there was no material increase 
between the 9th and the 12th days. 

Lettuce adjacent to the top ice cooled rapidly to a temperature 
near to that of the top ice 

Most crates throughout the load along the.centerline of cars 
cooled to 35° or lower by 3 A.M. on the day folloniae Loading. 

In carrot cars whenever there was no space available for recess 
ice between the crate and the wall, commodity temperatures. were a 60 
10° higher in wall-row crates than in centerline crates, but these re- 
latively high wall-row temperatures, amounting in some instances to 
44° at destination, wore not deloterious to the carrots. High wall-row 


temperatures did not occur in the wide car, in which it was possible for 


? 
more ice to come in contact with the crates, 

The meltage of top ice was somewhat greater over the end stacks 
and near the doors than elsewherc in the cars. The use of block ice 
over the end stacks is suggested since it would provide the maximum 
quantity of ice at points where the greatest normal meltage occurs, 

Lettuce adjacent to the top ice arrived frozen to some extent 
when the temperature of the top ice was 30° F, or colder (cars 18) 21D), 
F, A, table 3). Carrot tops and roots did not freeze at temperatures 
Similar to those that froze lettuce, 

When received at the packinghouse, the 300-lb. blocks of ice 
were in some instances at a temperature of 20° F. Crushing and blow- 
ing operations warmed the ice Sate BOs ora, 

The manufacture of icc with large open cores in tho blocks such 


as were used in car P and the pulverizing of crushed ice prior to blowing 


it into cars are suggested as mcans of promoting more rapid warming of 


ice prior to its use in packages or for top icing, 
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APPHIDIX I, 


Location of resistance thermoweters in cars (tables 12 
to 15, inclusive) and temperatures in transit. 


Salinas, California, to Chicago, Illinois, 

Philadelphia, Pennsylvania, Baltimore, 

Maryland, and New York, New York, 

AUPUSi Von vO GO, moo Cala t Go 9—s).) hemor 
Observed by: 
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Thermo— | Crate ! 
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Table 12. Location of Resistance Thermometers 
a \ ” 5) 7 77 
a OeS A, W)C 5 I i, MW Me Jet, eavel, IK 


All crates loaded on side 


Lettuce | Position of crate as Meme ane. / 3 | 


| i_2 


Meter | No. |) er tee | in ean a ______|Position in crate 
al I | Lettuce | Bottom layer Eunker stacik Center of bottom 
| | layer 
2 2 Lettuce | ow layer Bunker stack Center of bottom 
| | layer 
3 2 ; Lettuce | Lop layer Bunker stack Edge of top | 
| | nearest top ice 
4 | Ice | 2" above thermometer 3 
5 3 | Lettuce | Bottom layer Quarterlength Center of bottom 
| | stack layer | 
6 4. Lettuce | Top layer Quarterlength Center of bottom | 
| | stack layer | 
7 4 | Lettuce | Top layer Quarterlength Edge of top layer | 
| | stack nearest top ice | 
8 | Ice | 2" above thermometer 7 | 
9 5) | Lettuce | Bottom layer Doorway stack a of bottom 
La 
© | 6 | Lettuce | top layer Doorway stack lene nee of bottom | 
| | layer 
IIb 6 | Lettuce | Top layer Doorway stack j} Edge of top layer 
| es top icc 
12 | Ice l 2 above the rmometer ia | | 


All crates along centerline of eaay 


Refers to position as crate was packed. Since all these crates were 
loaded on their sides, the thermometers were in heads of lettuce about 
9 inches above the floor racks in the bunker, quarterlength and doorway 
stacks, and in a similar position about 9 inches from the top of the 
load in these same stacks. Thermometers 6, 7, and 11 wene inserted be- 
twoon tho outer leaves of a head of lettuce in the bulge of the top 
crate, near the ton ice, Ice temperatures were taken about 2 inches 
above these heads of lettuce. 


Table 13. Location of Resistance Thermometers 
in cars M, N, and P 
Crates Containing Thermometers were Loaded Upright 


Rep or ice | Position of crated in car Position in crate 
1 i 


Lettuce |Top orate Bunker stack Center of top layer 


nN 


Ice Top crate Bunker stack Center of bulgeice 
2" above Bunker stack 
Top crate Quarterlength stack |Center of top layer 
Top crate Quarterlength stack |Center of bulge ie@ 
2° above Quarterlength stack 
Top crate Doorway stack Center of top layer 
2* above Doorway stack | 
Top crate Doorway stack Center of bulge ice 
Top crate Doorway stack Center of top layer 


Ice 2" above Doorway stack 


3 
h 
5 
6 
i 
fe 
8 
8 
9 
9 


Ioe Top crate Doorway stack Center of bulge ice 


w 
oOo 


Lettuce |Top crate Doorway stack Center of 2nd layer 


~ 
Ye 


Ice Top crate Doorway stack Between top and 2nd laye 


~ 
HY) 


Top crate Doorway stack Center of bottom layer 
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Table 14. Location of Resistance Thermometers 
in Carrot Car R. 


All crates loaded on side. 
Bottoms of crates toward wall in outside rows. 


Master Cable 37470 


fe lee ee oe 
meter Noe ofice | Position of crate in car _ Position in crate 
1 


North wall Bottom crate Bunker stack Center of bottom laye 


North wall 3rd layer crate Bunker stack | Bottom edge of 
bottom layer 


South wall Top crate Bunker stack Center of bottom laye 
Centerline 2" above Bunker stack 
Centerline Bottom crate SMECES CEs ea Center of bottom laye 


Centerline Top crate Quarterlength Center of bottom laye 


t 
Centerline Top crate uartert abt Ed f£ to 
: 8 : sta Kk nearest top i 4 : 


Centerline 2" above Quarterlength stack 
Centerline Bottom crate Doorway stack Center of bottom laye 
Centerline Top crate Doorway stack Center of bottom laye 


Centerline Top crate Doorway stack Edge of top layer 
nearest top ice 


Centerline 2" above Doorway stack 


Centerline Bottom crate Bunker stack Center of bottom laye 
Centerline Top crate Bunker stack Center of bottom laye 


Centerline Top crate Bunker stack Edge of top layer 
nearest top ice 


South wall 2" above Bunker staek 


South wall Bottom crate Quarterlength | Center 
stack 


South wall 3rd layer crate Quargerlength] Bottom 
y Shae bottom 


South Top crate Quarterlength Center 
stack 


South 2° above Quarterlength stack 
South Bottom crate Buorway stack Center of bottom laye 


South 3rd layer crate Doorway stack | Bottom edge of 
bottom layer 


South Top erate Doorway stack Center of bottom laye 
South 2° above Doorway stack 
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Table 15. Location of Resistance Thermometers 
in Carrot Cars S and T 


All crates loaded on side. Bottoms 
of crates toward wall in outside rows. 


Master Cables: Car S, 30354; Car T, 27. 


meters No. jor ice | Position of crates in car Position in crate 
1 


Centerline Bottom crate Bakes stack |Center of bottom layer 
Centerline Top crate Bunker stack |Center of bottom layer 


Centerline Top crate Bunker stack |Edge of top layer 
nearest top ice 


Centerline 2" above Bunker stack 
Centerline Bottom crate suarter bene Center of bottom layer 
8 


Centerline Top crate Sues ver lenced Center of bottom layer 
sta 


Centerline Top crate Quarterlength [Edge of top layer 
stack |nearest top ice 
Génterkéne 2" above Quarterlength stad 

Centerline Bottom crate Doorway stack|Center of bottom layer 
Centerline Top crate Doorway stack |Center of bottom layer 


Centerline Top crate Doorway stack |Edge of top layer 
nearest top ice 
Centerline 2* above Doorway stack 


Bottom crate Bunker stack of bottom layer 


3rd layer crate edge of bottom 
Ge Bunker ste@ie 2 


Top crate Bunker stack of bottom layer 
2" above Bunker stack 
Bottom crate Quarterlengt of bottom layer 


3rd layer crate 5 edge of bottom 
Quarterlength layer 


Top crate Rpezverloncte Center of bottom layer 


of bottom layer 
edge of bottom 


Top crate Doorway stack |Ce of bottom layer 
2" above Doorway stack 
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